Cryoenzymology of beta-lactamases.
The cryoenzymology of several different beta-lactamases has been investigated. Particular attention has been paid to the experimental pitfalls of the technique. These include such factors as false bursts at the start of the reaction, instability of the enzymes during turnover, and Km values so high that little of the enzyme is present as a complex. Many of the difficulties in cryoenzymology stem from the use of organic cryosolvents. A novel "salt" cryosolvent has been tested: ammonium acetate solutions can be used down to about -60 degrees C. The enzymes examined are readily soluble, and stable, in this solvent. Nevertheless, out of 17 beta-lactamase beta-lactam systems, only 4 proved suitable for detailed investigation. In two of these, the hydrolysis of nitrocefin or 7-(thienyl-2-acetamido)-3-[[2-[[4- (dimethylamino)phenyl]azo]pyridinio]-methyl]cephem-4-carboxylic acid (PADAC), by beta-lactamase I from Bacillus cereus, substrate was converted into product at a slow enough rate (at -60 or -55 degrees C, respectively) for it to be possible to do successive scans during the course of the reaction. The spectra were those of substrate and product, and no intermediate was detected. The results argue against the accumulation of intermediate acyl-enzyme. The hydrolysis of PADAC by the P99 beta-lactamase from Enterobacter cloacae again showed spectra characteristic of substrate and product, and there was, moreover, a break in the Arrhenius plot; it is possible that a conformational change is (at least partially) rate-determining. The hydrolysis of dinitrophenylpenicillin by the P99 beta-lactamase did show features suggesting the accumulation of acyl-enzyme.(ABSTRACT TRUNCATED AT 250 WORDS)